G estational diabetes mellitus (GDM)
is defined as glucose intolerance with onset or first recognition during pregnancy (1, 2) . Approximately 135,000 cases of GDM, representing on average 3-8% of all pregnancies (1) , are diagnosed annually in the U.S (3).
Marked variation in GDM prevalence among different racial/ethnic groups has been documented, with higher prevalence among Native-American, Asian, African-American, and Hispanic populations than among non-Hispanic whites (4 -8,9 ).
Exposure to maternal hyperglycemia during pregnancy is associated with birth defects (10) and effects on childhood growth and glucose regulation (11) (12) (13) . Among the Pima Indians, the population with the world's highest incidence and prevalence of type 2 diabetes in children (14) and adults (15) , most of the increased prevalence of childhood type 2 diabetes in the last 30 years is attributable to increasing exposure to maternal diabetes during pregnancy (14) .
There is a general impression that the prevalence of GDM has increased over time (1) , along with the increase in the prevalence of obesity (16) . To date, however, few studies have examined trends in GDM in populations other than Native Americans (5, 14, 17) . Characterizing trends in GDM is critical for understanding some of the mechanisms responsible for the increasing rates of obesity and type 2 diabetes in youth.
We hypothesized that an increasing prevalence of GDM would exist in populations other than the Pima Indians. We analyzed GDM screening results among women of several ethnic groups who delivered singleton infants between 1994 and 2002 and were members of the Kaiser Permanente of Colorado (KPCO) health plan.
RESEARCH DESIGN AND METHODS -
The study was conducted at KPCO, a nonprofit staff-model health maintenance organization that serves ϳ380,000 members in the Denver metropolitan area. The study was approved by the KPCO Research Review Committee and Institutional Review Board. The cohort of women described below was identified through the KPCO perinatal database. The database was developed in 1992 and contains data that define delivery events for each woman represented, including perinatal, demographic, and behavioral information (18, 19) . GDM is coded as present if diag-
nosed through the standard KPCO screening protocol (described below) and absent if screening was negative or not performed.
GDM screening
Since the late 1980s, KPCO has routinely screened for GDM in all nondiabetic pregnancies using a two-step standard protocol. At 24 -28 weeks, all pregnant women without previously diagnosed diabetes are offered screening for GDM with a 1-h 50-g oral glucose tolerance test (OGTT). A value Ն140 mg/dl identifies patients who undergo a 3-h 100-g diagnostic OGTT. GDM is diagnosed when two or more glucose values during the diagnostic OGTT meet or exceed the criteria for a positive test, as recommended by the National Diabetes Data Group (NDDG) (20) . Virtually all patients with a positive screening 1-h value undergo a diagnostic 3-h test, and no GDM diagnosis is made solely on the basis of a single positive test. Since 1994, the KPCO screening and diagnostic protocols have remained constant. The proportion of women undergoing this screening protocol was estimated on a random sample of 2,328 pregnant women who were KPCO members in 1996 and was found to be 98% (21) . Between 2001 and 2002, 96% of all KPCO eligible pregnant women were screened for GDM.
Statistical analysis
Included in this analysis were all pregnant women who delivered singleton infants between 1994 and 2002 (N ϭ 36,403) and who were screened for GDM as described above. Pregnancies ending before 20 weeks of gestation were not included. Births from women diagnosed with nongestational diabetes before the index pregnancy were not included in the analysis (n ϭ 140 over the study period). The annual prevalence of GDM was computed in four race/ethnic groups (non-Hispanic whites, Hispanics, African Americans, and Asians) and was age adjusted to the age distribution of KPCO pregnant women in 1994 using the direct method (22) . Data are also presented as ageadjusted 3-year moving averages (seven time periods: 1994 -1996, 1995-1997, etc.) for each race/ethnic group. This averaging method is used to smooth data and is particularly useful for examining time trends where fluctuations during shorter time periods make it difficult to determine whether trends exist (23, 24) . A 2 Cochran-Armitage linear trend test, adjusted for age, was used to test for time trends in GDM prevalence in each race/ ethnic group (25) . Pregnancies occurring among women whose race/ethnic backgrounds were "other" (n ϭ 498 over the study period) and "missing" (n ϭ 4,178 over the study period) were excluded from the race/ethnic-specific analyses but were included in the logistic regression models. Multiple logistic regression analysis was used to examine the independent effect of calendar time (year of GDM diagnosis) on GDM prevalence, controlling for maternal age, race/ethnicity, prior GDM diagnosis, parity, and gravidity. The effects of race/ethnicity on the prevalence of GDM were explored using three categories, with non-Hispanic whites as the reference group: 1) non-Hispanic whites, 2) other than non-Hispanic whites (including Hispanics, African Americans, Asians, and others), and 3) missing. A potential interaction between time (year of GDM diagnosis) and race/ethnicity on the prevalence of GDM was tested by adding an interaction term in the regression model. Finally, to estimate a potential cohort effect, age-specific prevalence of GDM in 2-year age-intervals was determined among four maternal birth cohorts (1946 -1955, 1956 -1965, 1966 -1975, and 1976 -1990 ) and multiple logistic regression analysis was used to examine the independent effect of birth cohort (per 10 years) on the prevalence of GDM, adjusted for confounders.
RESULTS -A total of 36,403 eligible pregnancies occurred among 30,216 women who were screened for GDM between 1 January 1994 and 31 December 2002. The mean maternal age of screened pregnancies (28 years) did not change over time; however, the proportion of pregnancies from minority women increased from 1994 to 2002 (Table 1) . A total of 1,183 pregnancies were complicated by GDM between 1994 and 2002. Overall, the prevalence of GDM doubled from 2.1% in 1994 to 4.1% in 2002 (P Ͻ 0.001).
The age-adjusted prevalence of GDM is shown both as annual estimates and standard deviations (Table 2 ) and as 3-year moving averages ( Fig. 1) for the four race/ethnic groups included in this analysis. The prevalence of GDM (3-year moving averages, Fig. 1 ) increased significantly from 1994 -1996 to 2000 -2002 among non-Hispanic whites (1.9 to 3.4%), Hispanics (2.8 to 5.1%), African Americans (2.5 to 4.6%), and Asians (6.3 to 8.6%). Every year from 1994 to 2002, the prevalence of GDM was significantly higher among minority women than among non-Hispanic white women (Table 2). Over the study period, pregnant women of racial/ethnic backgrounds other than non-Hispanic white had twofold higher prevalence of GDM than nonHispanic whites (Table 3 , models 2 and 3), independent of differences in maternal age, year of GDM diagnosis, and prior history of GDM. Pregnant women whose racial/ethnic background was unknown (missing) had GDM prevalence similar to that of non-Hispanic white women. Table 3 shows the effect of calendar time on the prevalence of GDM. There was a 12% increase per year (95% CI ϭ 9 -14%; P Ͻ 0.0001) over the period from 1994 to 2002 (Table 3 , model 1). The increase was independent and virtually unchanged (10% per year) after controlling for changes in maternal age and in the race/ethnicity mix of the study popu- lation (Table 3 , model 2). Moreover, this increase was still significant (6% per year) after additionally controlling for a previous history of GDM (the strongest risk factor for subsequent GDM in these models) in the subgroup of women with multiple pregnancies (Table 3 , model 3). Parity and gravidity were not significantly associated with GDM and had no effect on the GDM increase over time (data not shown). No significant time-by-race interaction on the prevalence of GDM was noted, indicating that the increase in GDM over time was similar among minority and non-Hispanic white women. Figure 2 shows age-specific (women's ages at diagnosis) prevalence estimates of GDM for four cohorts of pregnant women grouped according to their own birth period (birth cohorts): 1946 -1955, 1956 -1965, 1966 -1975, and 1976 -1990 . For a given age at delivery, the prevalence was higher in younger generation women than in older cohorts, although the prevalence of GDM was similar in the most recent birth cohorts (1976 -1990 and 1966 -1975) . In multiple logistic regression, the prevalence of GDM was significantly higher (OR per 10 years [95% CI] ϭ 1.4 [1.2-1.7]), P Ͻ 0.0001) for women born later compared with those born 10 years earlier, regardless of their age at GDM diagnosis, race/ethnic background, and gravidity.
CONCLUSIONS -T h i s
s t u d y shows that the prevalence of GDM doubled between 1994 and 2002 among women of varied ethnic/racial backgrounds living in Colorado. Very little of this increase was due to changes in the age and ethnic distribution of screened pregnancies or a previous history of diagnosed GDM. Importantly, the data show an increasing prevalence of GDM among four race/ethnic groups: non-Hispanic whites, Hispanics, African Americans, and Asians, thus adding to previous reports among American Indians (14, 26) .
There are several strengths to this study: 1) the availability of a computerized database that provided consistency in data collection, tracking, and management over time (18) ; and 2) an objective, standardized screening and diagnostic procedure with very high effectiveness that has remained constant throughout the study period (21, 27) . The observed increase in GDM prevalence in this population was not due to changes in ascertainment because screening has been routinely offered to all KPCO women without known diabetes, and the same standard criteria (20) were used to diagnose GDM since 1994. The observed trends were not due to increased access to the screening protocol over time, given that the acquisition of screening by KPCO women has not substantially changed over time. Although the geographical area served by KPCO has not changed over time, there was a substantial increase in the proportion of screened pregnancies among minority women (Table 1) . However, the overall increased GDM prevalence was not caused by a higher proportion of screened high-risk pregnancies in later versus earlier time periods, as the trends were independent of changes in the ethnic distribution of the population (Table 3) . Moreover, the increasing trends were significant in populations with both high risk (Hispanic, African American, and Asian) and low risk (non-Hispanic white) for GDM and type 2 diabetes. We were not able to assess the contribution to the observed trends of potential changes in the socioeconomic status of the KPCO population. It is, however, unlikely that the observed trends were due to decreasing socioeconomic status, given that the trends were not explained by changes in ethnicity, and previous data do not suggest an effect of socioeconomic status on GDM risk, independent of race/ethnicity. It is also very unlikely that socioeconomic status changes were present and important enough to determine an increase in GDM prevalence in all racial/ethnic groups. The present study describes a strong cohort effect on the prevalence of GDM. Regardless of age and ethnicity, women born more recently were at increased risk for GDM diagnosis compared with women born earlier. This finding probably reflects an increased exposure to risk factor(s) operating before childbearing age. One of the strongest risk factors for GDM (28) is obesity, the prevalence of which has been dramatically increasing over the last several decades (16, 29) . Although Colorado has the lowest estimated prevalence of obesity in the nation, obesity among Colorado women more than doubled between 1990 and 2001 (29) . Coincidently, the prevalence of selfreported (nongestational) diabetes increased markedly among Colorado adults, from 3.4% in 1994 to 5.1% in 2000, an increase observed in both sexes and all age and racial/ethnic groups (30). Our results on increasing GDM prevalence over the same time period are consistent with the reported trends in obesity and type 2 diabetes in Colorado. The fact that GDM prevalence was similar for the two most recently born cohorts in our study has several possible explanations: 1) not all the women belonging to the 1976 -1990 cohort reached the childbearing age as of the date of this analysis, so the prevalence of GDM in the young age-groups with data available for comparison may be artificially low; 2) the effect of increasing obesity on GDM prevalence is not apparent at very young ages; and 3) the increase in GDM in the younger population might have reached a plateau.
Early data from a maternity hospital in Australia demonstrated a significant increase in GDM in all racial groups, from 3.3% during 1979 -1983 to 7.5% during 1984 -1988 (5). However, the authors failed to control for the changing age distribution among pregnant women. A recent report from the Kaiser Permanente Health Care Plan in Northern California found a 35% overall age-ethnicityadjusted increase in GDM cumulative incidence between 1991 and 2000, an ϳ4% increase per year (17) . Although the proportion of screened pregnancies also increased over time and there was no formal testing for significant effects within each race/ethnic group, this study provided evidence that GDM is increasing in Northern California among women of diverse ethnic/racial backgrounds. Similar trends over the same time period were observed among pregnant women who were members of the Kaiser Permanente Health Care Plans in Northern California and Colorado. The age-adjusted annual prevalence of GDM, however, was lower in Colorado than in Northern California in all race/ ethnic groups considered. Part of the difference is due to different diagnostic Our analysis was not performed on a geographically based sample of Colorado women; however, the KPCO membership is representative of the population living in the Denver metropolitan area with regard to demographics and ethnicity, and this has not changed over the period of the study (35, 36) . Another disadvantage is the small number of pregnancies among minority women (especially Asian) available for the race/ethnic-specific analysis. Nevertheless, the increase in GDM prevalence was significant for all racial/ethnic groups (Table 2) , and the increase was similar among minority and non-Hispanic white women.
An important limitation of this study is the lack of information about maternal obesity. Data on maternal BMI is missing at the present time from the KPCO perinatal database, and it was also missing in the Kaiser Permanente Study in Northern California (17) . This information may be essential for explaining the observed GDM trends. It is also possible that part of the increase in GDM prevalence is due to an obesity-associated increase in type 2 diabetes, undiagnosed before pregnancy. If this is correct, then the proportion of GDM women with normal glucose tolerance after the index pregnancy should decrease over time; unfortunately no data are available at the present time to test this hypothesis. There were no trends in the prevalence of diagnosed preexistent diabetes in the KPCO database (data not shown). However, the number of cases was small and all patients (except one) were insulin treated.
As many as 50% of women with GDM may develop type 2 diabetes within 5 years of the index pregnancy (37) . Further, increasing exposure to diabetes during pregnancy may be an important determinant of the increasing prevalence of obesity and type 2 diabetes in youth, as demonstrated among Pima Indian children (14, 38) . This closes the postulated cross-generational vicious cycle of diabetes in pregnancy, wherein maternal diabetes begets more diabetes in offspring (12, 39) . Unfortunately, with a few significant exceptions (12, 13) , no large, ethnically diverse study has followed a group of children whose mothers had GDM and a comparison group whose mothers did not have GDM long enough to demonstrate whether this vicious cycle also operates among other U.S. ethnic groups.
Our data provide evidence that GDM may be increasing among U.S. women with diverse racial/ethnic backgrounds (17) . Given the etiology of type 2 diabetes (40, 41) , the observed increase probably reflects the well-documented obesity epidemic (42) . The increase in GDM prevalence may represent a major determinant of the recent increase in obesity and type 2 diabetes among U.S. children, which may lead to further increases in GDM as these youths mature.
